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M ∈ R3 t




 0 −ω v(t)ω 0 −u(t)
−v(t) u(t) 0
M(t,ω), (t,ω) ∈ [0,+∞)× (ω∗,ω∗),
−∞ ! ω∗ < ω∗ ! +∞
Ωx :=
 0 0 00 0 −1
0 1 0
 , Ωy :=
 0 0 10 0 0
−1 0 0
 , Ωz :=





(t,ω) = (ωΩz + u(t)Ωx + v(t)Ωy)M(t,ω), (t,ω) ∈ [0,+∞)× (ω∗,ω∗).
t
• (M(t,ω))ω∈(ω∗,ω∗) ω M(t,ω) ∈ S2 R3
• u(t) v(t)
ek R3 (δki)i∈{1,2,3}






= Aw + p(t)Bw
w p : [0, T ]→ R
X (X) = +∞ A C0
X B : X → X w0 ∈ X w(t; p, w0)
p ∈ L1loc([0,+∞)) w(0) = w0
w0
R(w0) := {w(t; p, w0); t " 0, p ∈ Lrloc([0,+∞)), r > 1}
X
X X ∪r>1Lrloc([0,+∞))
X = L2((ω∗,ω∗), S2)
C0([ω∗,ω∗], S2)
M0(ω)




utt + uxxxx + p(t)uxx = 0, x ∈ (0, 1), t ∈ (0,+∞),
u = ux = 0 x = 0, 1,
(u, ut) p
H20 × L2(0, 1) Lrloc([0,+∞)) r > 1
H5+ × H3+(0, 1)




∂x2 − u(t)µ(x)ψ, x ∈ (0, 1), t ∈ (0,+∞),
ψ(t, 0) = ψ(t, 1) = 0
ψ u µ ∈ C∞([0, 1])
H2((0, 1),C) L2loc([0,+∞))
µ(x) = (x − 1/2) H7((0, 1),C)





e3 L2(0, T )
(M ≡ e3, (u, v) ≡
0) −∞ < ω∗ < ω∗ < +∞
C0([ω∗,ω∗],R3) T (u, v) ∈ C∞c ((0, T ),R2)
M ≡ e3
ω R ω∗ = −∞ ω∗ = +∞
T > 0 M0 ≡ e3
L2(0, T )
ω (ω∗,ω∗) −∞ <
ω∗ < ω∗ < +∞
M0 : (ω∗,ω∗)→ S2
L2(ω∗,ω∗) e3
















Z(t,ω) := (x + iy)(t,ω), w(t) := (−v + iu)(t).
T > 0 z(t,ω) > 0 (0, T ) × (ω∗,ω∗)
∂Z
∂t
(t,ω) = iωZ(t,ω)− w(t)
√










eiωt, (t,ω) ∈ (0, T )× (ω∗,ω∗).
L2(R) L2(R,C)
L2(R,R)
(M ≡ e3, (u, v) ≡ 0)
−∞ < ω∗ < ω∗ < +∞
(M ≡ e3, (u, v) ≡ 0)
(Z ≡ 0, w ≡ 0)














I ⊂ R 0 R \ I
T ∈ (0,+∞) Z0 = 0
w ∈ L1(0, T )
{Z(T ); w ∈ L1(0, T )} = F [L1(−T, 0)].
Z0
w ∈ L1(0,+∞) F [L1(0,+∞)]
Z0 ∈ F [L1(0,+∞)] w := F−1[Z0]
L1(0,+∞) Z0 0
w ∈ L1(0,+∞) F [w] ≡ 0 (ω∗,ω∗) w = 0 w
ϕ : C+ ∪ C− ∪ (ω∗,ω∗)→ C
ϕ(z) :=

F [w](z), z ∈ C−,
F [w](z), z ∈ C+,
0, z ∈ (ω∗,ω∗),
C+ := {z ∈ C; +(z) > 0} C− := {z ∈ C; +(z) < 0} ϕ
C+ C− C+ ∪ C− ∪ (ω∗,ω∗) C+ ∪ C− ∪
(ω∗,ω∗) ϕ (ω∗,ω∗) ϕ ≡ 0 w = 0 #
T > 0 Zf ∈ C0([ω∗,ω∗]) η > 0 w ∈ C∞c ((0, T ))
Z0 = 0 ‖Z(T )− Zf‖L∞(ω∗,ω∗) < η
T > 0 Zf ∈ C0([ω∗,ω∗]) η > 0
P ∈ C[X ]




w(t) := −P (∂t)δT/2(t) Z0 = 0
Z(T,ω) = −F [w](ω)eiωT = P (iω)e−iω T2 eiωT = P (iω)eiω T2

















(0, T ) w%(t) := −P (∂t)g%(t)
Z(T,ω) = P (iω)gˆ%(ω)e
iωT .
gˆ%(ω)− e−iω T2 =
∫ 1
−1
g(y)[e−iω%y − 1]dy e−iω T2 ,
‖P (iω)[gˆ%(ω)− e−iω T2 ]‖L∞(ω∗,ω∗) ! ‖P (iω)‖L∞(ω∗,ω∗)‖gˆ%(ω)− e−iω
T
2 ‖L∞(ω∗,ω∗) → 0
)→ 0 )
‖Z(T )− Zf‖L∞(ω∗,ω∗) < η.#
M(0) ≡ e3
(u, v) ∈ L2((0, T ),R2) M(0) ≡ e3 w L1(0, T )






1− |Z(τ,ω)|2e−iωτdτeiωt, ∀(t,ω) ∈ [0, T ]× R.
ω∗ = −∞ ω∗ = +∞
ω∗ = −∞ ω∗ = +∞
(u, v) L2((0, T ),R2)
(u, v) L2((0, T ),R2)
[0, T ]
T > 0 R := 1/(2
√
T ) w ∈ L2(0, T ) ‖w‖L2(0,T ) < R




‖Z‖C0([0,T ],L2(R)) ! 2
√
2pi‖w‖L2(0,T ).
w1, w2 ∈ L2(0, T ) ‖w1‖L2(0,T ) < R ‖w2‖L2(0,T ) < R
‖Z1 − Z2‖L∞((0,T )×R) ! 2
√
T‖w1 − w2‖L2(0,T ),
‖Z1 − Z2‖C0([0,T ],L2(R)) ! 4
√
2pi‖w1 − w2‖L2(0,T ),
j ∈ {1, 2} Zj w := wj
T > 0 c := 1/
√
3
|f ′(x)| ! c, ∀x ∈ [0, 1/2], f(x) :=
√
1− x2.
w ∈ L2(0, T ) ‖w‖L2(0,T ) < R
Θ
B := C0([0, T ], L2(R)) ∩ C0([0, T ]× R, BC(0, 1/2))
Θ(ξ) = Z






1− |ξ(τ,ω)|2e−iωτdτeiωt, ∀(t,ω) ∈ [0, T ]× R.




ξ ∈ B Z := Θ(ξ)





Z ∈ C0([0, T ]× R, BC(0, 1/2))
































Z(t) ∈ L2(R) t ∈ [0, T ]
C0([0, T ], L2(R))





1− |ξ(τ,ω)|2 − 1
)
e−iωτdτ









ξ1, ξ2 ∈ B Z1 := Θ(ξ1) Z2 := Θ(ξ2)










‖Z1 − Z2‖L∞((0,T )×R) ! ‖w‖L1(0,T )c‖ξ1 − ξ2‖L∞((0,T )×R) ! c
√
TR‖ξ1 − ξ2‖L∞((0,T )×R).
‖(Z1 − Z2)(t, .)‖L2(R) ! c
√











(Z1 − Z2)(t,ω) = −
∫ t
0 (w1 − w2)(τ)
√
1− |Z1(τ,ω)|2e−iωτdτeiωt
− ∫ t0 w2(τ)(√1− |Z1(τ,ω)|2 −√1− |Z2(τ,ω)|2)e−iωτdτeiωt,
|(Z1 − Z2)(t,ω)| !
√
T ‖w1 − w2‖L2(0,T ) + c
√




‖Z1 − Z2‖L∞((0,T )×R) ! 2
√
T‖w1 − w2‖L2(0,T ).
(Z1 − Z2)(t,ω) = −F [τ−t(w1 − w2)|[0,t]](ω)
− ∫ t0 (w1 − w2)(τ)(√1− |Z1(τ,ω)|2 − 1)e−iωτdτeiωt
− ∫ t0 w2(τ)(√1− |Z1(τ,ω)|2 −√1− |Z2(τ,ω)|2)e−iωτdτeiωt,
‖(Z1 − Z2)(t)‖L2(R) !
√

















‖w1 − w2‖L2(0,T ) ! 4
√
2pi‖w1 − w2‖L2(0,T ).
Z BC(0, 1/2)
[0, τ ] τ ∈ [0, T ) [0, τ ′]
τ ′ > τ #
TBR[L
2(0, T )] := {w ∈ L2(0, T ); ‖w‖L2(0,T ) < R}.
T > 0 R := 1/(4
√
3T )
FT : BR[L2(0, T )] → L2 ∩ C0b (R)
w .→ Z(T, .) Z ( ),
L2 ∩C0b (R)
M N Ck R k ∈
{∞} ∪ N \ {0} F : M → N Ck F Ck
S := F (M) N Ck
F Ck
F F Ck
M := BR[L2(0, T )] N := L2 ∩ C0b (R)
C∞ FT
FT C1 dFT (w).W = ξ(T, .) ξ






−iωτdτeiωt, ∀(t,ω) ∈ [0, T ]× R.
c
FT BR[L2(0, T )] 6c
√
TR < 1










F [w1 − w2](ω) =
∫ T
0 (w2 − w1)(t)
(√



















T‖Z1 − Z2‖C0([0,T ],L2(R)).
√











w ∈ BR[L2(0, T )] W ∈ L2(0, T ) dFT (w).W = 0






−iωτdτ, ∀ω ∈ R.
L2(R)
√
2pi‖W‖L2(0,T ) ! ‖W‖L2(0,T )c
√
T‖Z‖C0([0,T ],L2(R)) + ‖w‖L2(0,T )c
√
T‖ξ‖C0([0,T ],L2(R))












ξ(t,ω) = −F [τ−tW ](ω)





















A BR[L2(0, T )] (Zn(T, .) = FT (wn))n∈N
FT (A) Z∞(.) L2 ∩ C0b (R) Z∞ ∈ FT (A)
(wn)n∈N L2(0, T ) n ∈ N





1− |Zn(t,ω)|2 − 1
)
e−iωtdteiωT ,
n, p ∈ N
F [τ−T (wn − wp)](ω) = (Zp − Zn)(T,ω)
− ∫ T0 (wn − wp)(t)(√1− |Zn(t,ω)|2 − 1)e−iωtdteiωT
− ∫ T0 wp(t)(√1− |Zn(t,ω)|2 −√1− |Zp(t,ω)|2)e−iωtdteiωT .
L2(R)
√
2pi‖wn − wp‖L2(0,T ) ! ‖(Zn − Zp)(T )‖L2(R)





T‖Zn − Zp‖C0([0,T ],L2(R)).
√








S := FTBR[L2(0, T )]
dFT (0).W = −F [τ−TW ]
T0S = F [L2((−T, 0))].
FT 0
w(t) = )W1(t) + )
2W2(t) + )
3W3(t) + ...




1− |)Z1 + )2Z2 + )3Z3|2 =
√
1− )2|Z1|2 + o()2) = 1− 12)
2|Z1|2 + o()2),
Z1(t,ω) = −F [τ−t(W1)|[0,t]](ω),
Z2(t,ω) = −F [τ−t(W2)|[0,t]](ω),









F [L2(0, T )] Z1




























W1(τ)W1(σ1)W1(τ + σ1 − x)e−iωxdxdσ1dτ





σ1=max{0,x−τ}W (τ)W (σ1)W (τ + σ1 − x)dσ1dτ x ∈ (0, 2T )
0 x /∈ (0, 2T ).
Φ1 W = 1[0,T ] Φ1(3T/2) = T
2/16 )
FT ()1[0,T ]) /∈ T0S #
−∞ < ω∗ < ω∗ < +∞
T > 0 u, v ∈ L2(0, T ) M{
∂M
∂t (t,ω) = [ωΩz + u(t)Ωx + v(t)Ωy ]M(t,ω), (t,ω) ∈ (0, T )× C,
M(0,ω) = e3.
ω ∈ C .→ Z(T,ω)
T > 0 R := 1/(4
√
3T ) Zf : (ω∗,ω∗) → C
)∗ > 0 ) ∈ (0, )∗) w ∈ BR[L2(0, T )]
Z(T ) 0= )Zf
(ω∗,ω∗)
L2
T > 0 u, v ∈ L2(0, T ) M
M1,M2 : [0, T ]× R× R→ R3





f C1 (M˜,ω1,ω2) ∈ R6×R×R
|f(t, M˜,ω1,ω2)| ! (|ω1|+ |ω2|+ |u|+ |v|)|M˜ |
|ffM (t, M˜,ω1,ω2)| ! |ω1|+ |ω2|+ |u|+ |v|
|fω1(t, M˜ ,ω1,ω2)| ! |M˜ |, |fω2(t, M˜ ,ω1,ω2)| ! |M˜ |.
M˜ ω1 ω2




(t,ω1,ω2), k, l ∈ {1, 2}.
ω1 ω2
∂(Y11−Y22)
∂t = A(t,ω1)(Y11 − Y22)− B(ω2)(Y12 + Y21),
∂(Y12+Y21)
∂t = A(t,ω1)(Y12 + Y21) +B(ω2)(Y11 − Y22),
(Y11 − Y22)(0,ω1,ω2) = 0,
(Y12 + Y21)(0,ω1,ω2) = 0,
A(t,ω1) :=
 0 −ω1 v(t)ω1 0 −u(t)
−v(t) u(t) 0
 B(ω2) :=





Zf : R → C
FT
L2((−T, 0)) )∗ > 0 ) ∈ (0, )∗) )Zf
FT )Zf (ω∗,ω∗) T u
v L2((0, T ),R) R )Zf
FT )Zf (ω∗,ω∗) T u v
BR[L2((0, T ),R)] #
−∞ < ω∗ < ω∗ < +∞
L2(ω∗,ω∗)
b ∈ [0,+∞) β, γ ∈ R M0 : (ω∗,ω∗) → S2
M(0) = M0 u(t) = βδb(t) v(t) = γδb(t)
M(t,ω) =
{
exp(ωΩzt)M0(ω) t ∈ [0, b),
exp(ωΩz(t− b)) exp(βΩx + γΩy) exp(ωΩzb)M0(ω) t ∈ (b,+∞),
M(b+,ω) = exp(βΩx + γΩy)M(b
−,ω).
H1((ω∗,ω∗), S2) := {M ∈ H1((ω∗,ω∗),R3);M(ω) ∈ S2, ∀ω ∈ (ω∗,ω∗)}.
U [t;u, v,M0] t
M0 0 U [t;u, v,M0] ω ∈ (ω∗,ω∗)
(ω∗,ω∗)
β, γ ∈ R
lim
%→0












M0 ∈ H1((ω∗,ω∗), S2) (tn)n∈N ∈ [0,+∞)N
(un)n∈N, (vn)n∈N ∈ DN
U [t+n ;un, vn,M0]→ e3 H1((ω∗,ω∗),R3).
M0 ∈ H1((ω∗,ω∗), S2) (tn)n∈N ∈ [0,+∞)N
(un)n∈N, (vn)n∈N ∈ L∞loc([0,+∞),R)N




M ∈ H1((ω∗,ω∗), S2) M ′ 0= 0 T > 0 u, v ∈ D
•
‖U [T+;u, v,M ]′‖L2 < ‖M ′‖L2 ,
• (Mn)n∈N ∈ H1((ω∗,ω∗), S2)N
‖M ′n‖L2 ! ‖M ′‖L2, ∀n ∈ N
Mn →M H1((ω∗,ω∗),R3)
ϕ
‖U [T+;u, v,Mϕ(n)]′‖L2 ! ‖M ′ϕ(n)‖L2 , ∀n ∈ N.
M ∈ S2 M 0= e3 θ ∈ [0, 2pi)
(u, v) ∈ {(piδ1 + (pi + θ)δ2, 0), (0,piδ1 + (pi + θ)δ2)} U [2+;u, v,M ] (ω∗,ω∗)
|U [2+;u, v,M ]− e3| < |M − e3|.
M0 ∈ H1((ω∗,ω∗), S2)
M0 0= e3 tn ≡ 0
K := {M˜ ∈ H1((ω∗,ω∗), S2); ∃(tn)n∈N ∈ [0,∞)N, ∃(un)n∈N, (vn)n∈N ∈ DN
‖U [t+n ;un, vn,M0]′‖L2 ! ‖M ′0‖L2 , ∀n ∈ N
U [t+n ;un, vn,M0]→ M˜ H1((ω∗,ω∗),R3)}
m := inf{‖M˜ ′‖L2; M˜ ∈ K}.
K M0 tn ≡ 0
e ∈ K ‖e′‖L2 = m
(Mn)n∈N∗ ∈ KN∗ ‖M ′n‖L2 → m n → +∞ (Mn)n∈N∗
H1((ω∗,ω∗),R3) e ∈ H1((ω∗,ω∗), S2)
Mn → e H1 L2.





n ∈ N∗ Mn ∈ K (tpn)p∈N ∈ [0,+∞)N (upn)p∈N, (vpn)p∈N ∈ DN





n,M0]→Mn H1 L2, p→ +∞, ∀n ∈ N∗.
n ∈ N∗ p = p(n) ∈ N











e( ∈ H1((ω∗,ω∗), S2)
Yn → e( H1 L2.
K e( K
Yn → e L2((ω∗,ω∗),R3) L2 e = e(
e ∈ K
m = 0
m > 0 e′ 0= 0
T > 0 u, v ∈ D
‖U [T+;u, v, e]′‖L2 < ‖e′‖L2 = m,
ϕ
‖U [T+;u, v, Yϕ(n)]′‖L2 ! ‖Y ′ϕ(n)‖L2 , ∀n ∈ N.
U [T+;u, v, e] K
‖U [T+;u, v, Yϕ(n)]′‖L2 ! ‖M ′0‖L2 , ∀n ∈ N.
e∗ ∈ H1((ω∗,ω∗), S2)
U [T+;u, v, Yϕ(n)]→ e∗ H1 L2.
e∗ ∈ K K
‖U [T+;u, v, Yϕ(n)]− U [T+;u, v, e]‖L2 = ‖Yϕ(n) − e‖L2 → 0 n→ +∞,




m˜ := inf{|M˜ − e3|; M˜ ∈ K ∩ S2}.
K ∩S2 S2
K ∩ S2 e˜ ∈ K ∩ S2 |e˜− e3| = m˜
m˜ = 0
m˜ > 0 e˜ 0= e3
θ ∈ [0, 2pi) (u, v) ∈ {(piδ1 +(pi+ θ)δ2, 0), (0,piδ1+(pi+
θ)δ2)} U [2+;u, v, e˜] (ω∗,ω∗)
|U [2+;u, v, e˜]− e3| < |e˜− e3|.
U [2+;u, v, e˜] K
exp(piΩξ) exp(ωΩz) exp(piΩξ) = exp(−ωΩz), ∀ξ ∈ {x, y}.
ξ ∈ {x, y}
U [2+;u, v, .] = exp((θ + pi)Ωξ) exp(ωΩz) exp(piΩξ) exp(ωΩz)
= exp(θΩξ) exp(piΩξ) exp(ωΩz) exp(piΩξ) exp(ωΩz)
= exp(θΩξ) exp(−ωΩz) exp(ωΩz)
= exp(θΩξ).
e˜ ∈ K (sn)n∈N ∈ [0,+∞)N (µn)n∈N, (νn)n∈N ∈ DN
‖U [s+n ;µn, νn,M0]′‖L2 ! ‖M ′0‖L2, ∀n ∈ N,
U [s+n ;µn, νn,M0]→ e˜ H1.
Zn := U [s+n ;µn, νn,M0]
U [2+;u, v, Zn] = exp(θΩξ)Zn.
‖U [2+;u, v, Zn]′‖L2 = ‖Z ′n‖L2 ! ‖M ′0‖L2 , ∀n ∈ N
U [2+;u, v, Zn]→ exp(θΩξ)e˜ = U [2+;u, v, e˜] H1 U [2+;u, v, e˜] ∈ K #
P,Q ∈ R[X ]
I + τ [P (ω)Ωx +Q(ω)Ωy] + o(τ) τ → 0,
) > 0
τ∗ = τ∗(P,Q, )) > 0 τ ∈ [0, τ∗] T > 0 u, v ∈ D
∥∥∥U [T+;u, v, .]− (I + τ [P (ω)Ωx +Q(ω)Ωy])∥∥∥L(H1((ω∗,ω∗),R3),H1((ω∗,ω∗),R3)) ! )τ.
L2(ω∗,ω∗)
M = (x(1), x(2), x(3)) ∈ S2 x(3) 0= 0
(ΩxM,ΩyM) TS2M S
2 M
) > 0 M0 = (x0, y0, z0) ∈ L2((ω∗,ω∗), S2) z(ω) 0= 0
ω ∈ (ω∗,ω∗)
H : [0, 1] × (ω∗,ω∗) → S2
(s , ω) .→ H(s,ω)
H ∈ C1([0, 1], L2((ω∗,ω∗), S2)) H(0,ω) = M0(ω) H(1,ω) = e3
e3 M0 H z 0= 0 (ω∗,ω∗)
f, g ∈ L2((ω∗,ω∗),R)
∂H
∂s
(0,ω) = f(ω)ΩxM0(ω) + g(ω)ΩyM0(ω).










exp(piΩx) exp(ωΩzτ) exp(−piΩx) = exp(−ωΩzτ),





τ)δ√τ (t) + piδ2√τ (t)
u(t) = −piδ0(t) + (pi −
√
τ )δ√τ (t) +
√
τδ2√τ (t) ,
v ≡ 0 2√τ
U1(τ) := exp(piΩx) exp(ωΩz
√
τ ) exp(−(pi +√τ )Ωx) exp(ωΩz√τ ) exp(Ωx√τ )
= exp(−ωΩz√τ) exp(−Ωx√τ ) exp(ωΩz√τ ) exp(Ωx√τ )
= I + τω[Ωz ,Ωx] + o(τ)
= I + τωΩy + o(τ)





τ ) exp(−Ωx√τ) exp(−ωΩz√τ )
= I − τω[Ωz,Ωx] + o(τ)
= I − τωΩy + o(τ))





U2(τ) := exp(−ωΩz√τ )U1(−τ) exp(ωΩz√τ)U1(τ)
= I + τ3/2ω2[Ωy,Ωz ] + o(τ3/2)
= I − τ3/2ω2Ωx + o(τ3/2),
U2(−τ) := U1(τ) exp(ωΩz√τ)U1(−τ) exp(−ωΩz√τ )
= I − τ3/2ω2[Ωy,Ωz] + o(τ3/2)




U3(τ) := exp(−ωΩz√τ )U2(−τ) exp(ωΩz√τ)U2(τ)
= I − τ2ω3[Ωz ,Ωx] + o(τ2)
= I − τ2ω3Ωy + o(τ2),
U3(−τ) := U2(τ) exp(ωΩz√τ)U2(−τ) exp(−ωΩz√τ )
= I + τ2ω3[Ωz,Ωx] + o(τ2)
= I + τ2ω3Ωy + o(τ2),
I ± τω2Ωx + o(τ) 6τ1/3 I ± τω3Ωy + o(τ)




Ωy Uj(τ) j " 1 n ∈ N I ± τω2n+1Ωx + o(τ)
I ± τω2nωy + o(τ) Tn 4nτ 12n P,Q ∈ R[X ]
I + τ [P (ω)Ωx +Q(ω)Ωy] + o(τ)
#
z 0= 0.
M = (x, y, z) ∈ H1((ω∗,ω∗), S2)
M ′ 0= 0 z ≡ 0 x2 + y2 ≡ 1 x 0= 0 y 0= 0
y 0= 0
U [2; 3pi2 δ0 + piδ1, 0, .] = exp(ωΩz) exp(piΩx) exp(ωΩz) exp(
3pi
2 Ωx)
= exp(ωΩz) exp(piΩx) exp(ωΩz) exp(piΩx) exp(
pi
2Ωx)










M U [2; 3pi2 δ0+piδ1, 0,M ]
M
M = (x, y, z) ∈ H1((ω∗,ω∗), S2) M ′ 0= 0 z 0= 0
P,Q ∈ R[X ] α > 0 τ∗0 > 0









! ‖M ′‖2L2 − τα,









! ‖M ′ϕ(n)‖2L2 − τα, ∀n ∈ N.
τ " 0 P,Q ∈ R[X ]∥∥∥ d
dω
[(





= ‖M ′‖2L2 + 2τA(P,Q) + τ2B(P,Q),∥∥∥ d
dω
[(





= ‖M ′n‖2L2 + 2τAn(P,Q) + τ2Bn(P,Q),













P ′[−zy′ + yz′] +Q′[zx′ − xz′]
)
dω.
P,Q ∈ R[X ] A(P,Q) < 0 A (P,Q)
A 0= 0 A = 0
L2(ω∗,ω∗)
zy′ − yz′ = 0, zx′ − xz′ = 0.
I {ω ∈ (ω∗,ω∗); z(ω) 0= 0} z 0= 0
I a, b ∈ R x(ω) = az(ω) y(ω) = bz(ω) ∀ω ∈ I
M S2
1 = x(ω)2 + y(ω)2 + z(ω)2 = (a2 + b2 + 1)z(ω)2.
I = (ω∗,ω∗) M (ω∗,ω∗)





P ′(−zny′n + ynz′n) +Q′(znx′n − xnz′n).
ϕ
Mϕ(n) →M H1 L2.




A(P,Q), ∀n ∈ N
√
B(P,Q) :=
∥∥∥ ddω [P (ω)Ωx +Q(ω)Ωy]M∥∥∥L2
! ‖P ′‖L2 + ‖Q′‖L2 + [‖P‖L∞ + ‖Q‖L∞]‖M ′‖L2 ,√
Bn(P,Q) :=
∥∥∥ ddω [P (ω)Ωx +Q(ω)Ωy]Mn∥∥∥L2
! ‖P ′‖L2 + ‖Q′‖L2 + [‖P‖L∞ + ‖Q‖L∞]‖M ′n‖L2
! ‖P ′‖L2 + ‖Q′‖L2 + [‖P‖L∞ + ‖Q‖L∞]‖M ′‖L2.
τ∗0 = τ∗0 (M) > 0
τ∗0
(






τ ∈ [0, τ∗0 ] α := −A(P,Q)
P,Q )1 > 0
)1‖M‖H1 < α2‖M ′‖L2 .
τ∗ = τ∗(P,Q, )1) τ∗1 := min{τ∗, τ∗0 }
T > 0 u, v ∈ L∞loc([0,+∞),R)∥∥∥U [T+;u, v, .]− (I + τ∗1 [P (ω)Ωx +Q(ω)Ωy])∥∥∥L(H1,H1) ! )1τ∗1 .
‖U [T+;u, v,M ]′‖L2 !
∥∥∥ ddω [U [T ;u, v,M ]− (I + τ [P (ω)Ωx +Q(ω)Ωy])M]∥∥∥L2
+
∥∥∥ ddω[(I + τ [P (ω)Ωx +Q(ω)Ωy])M]∥∥∥L2
! )1τ∗1 ‖M‖H1 +
(
‖M ′‖2L2 − ατ∗1
)1/2














< ‖M ′ϕ(n)‖L2 .
M = (x, y, z) ∈ S2 M 0= e3 x 0= 0
y 0= 0 y 0= 0
U [2+;piδ1 + (pi + θ)δ2, 0, .] = exp((pi + θ)Ωx) exp(ωΩz) exp(piΩx) exp(ωΩz)
= exp(θΩx) exp(piΩx) exp(ωΩz) exp(piΩx) exp(ωΩz)
= exp(θΩx) exp(−ωΩz) exp(ωΩz)
= exp(θΩx).
U [2+;piδ1 + (pi + θ)δ2, 0,M ] =
 1 0 00 cos(θ) − sin(θ)
0 sin(θ) cos(θ)
M.
θ ∈ [0, 2pi)





ω∗ = 0 ω∗ = pi
−e3 −e3











f : (0,pi)→ C
cn(f) := cn(f˜), ∀n ∈ Z, N(f) := N(f˜),
f˜ : (−pi,pi)→ C f˜(ω) := f(|ω|) M = (x, y, z) : (0,pi)→ R3
N(M) := N(x) +N(y) +N(z)
f, g : [0,pi]→ C N(f), N(g) <∞
N(fg) ! N(f)N(g).






! N(Z) ! N(x) +N(y).
M : [0,pi]→ S2 N(M) < +∞ z(ω) > 0, ∀ω ∈ [−pi,pi]




N(Z) ! N(M − e3) ! 3N(Z).
M : [0,pi] → S2 N(Z) ! 1/4 z > 0














N(Z) = N(x+ iy)
N(x) +N(y) = N((Z + Z)/2) +N((Z − Z)/2i)
M : [0,pi]→ S2 N(M) < +∞ z > 0
















1−√1− x ! x, ∀x ∈ (0, 1) √1− x = 1+∑∞p=1 αpxp
x ∈ [0, δ] δ < 1 αp < 0 p ∈ N∗















! N(Z)2 + 1−√1−N(Z)2
! 2N(Z)2.
#
δ > 0 M0 : [0,pi] → S2 N [Z0] < δ


































z(3k + )) < −1/2.
(tn)n∈N ∈ [0,+∞)N










Z˙(t,ω) = iωZ(t,ω)− w(t)
√
1− |Z(t,ω)|2, (t,ω) ∈ (0,+∞)× (0,pi),





inω, dn := cn(Z0).
k ∈ N∗ [0, k) w = 0




i(n+k)ω z(k−,ω) = z0(ω).
k w(t) = ipiδk(t) +e3
M(k+,ω) = exp(piΩx)M(k
−,ω) =
 1 0 00 −1 0
0 0 −1
M(k−,ω),











(Z ≡ 0, w ≡ 0)
Z(3k−,ω) ∼
(
















3k w(t) = ipiδ3k(t) −e3










T = T (Z0) := 3k w : [0, T ] → C




β, γ ∈ R M0 ∈ C0([0,pi], S2) N(M0) < +∞ M
M(0) = M0 u(t) = βδ0(t) v(t) = γδ0(t) ) > 0 M%
M(0) = M0 u(t) = (β/))1(0,%)(t) v(t) = (γ/))1(0,%)(t)
N(M%())−M(0+))→ 0 )→ 0.














δ > 0 M0 : [0,pi] → S2 N [Z0] < δ

























C > 0 C′ > 0 d0 ∈ C |d0| ! 1
M0 = (x0, y0, z0) : [0,pi] → S2 N(Z0) ! 1 z0 > 0
M(0) = M0 v(t) = −/(d0)δ0(t) u(t) = +(d0)δ0(t)
N
(
Z(0+)− Z0 + d0
)
! C|d0|max{|d0|, N(Z0)},
z(0+,ω) " z0(ω)− C′|d0|max{|d0|, N(Z0)}.
d0 = β0 + iγ0 β0, γ0 ∈ R
M(0+,ω) = exp[β0Ωx + γ0Ωy]M0(ω).
exp[β0Ωx + γ0Ωy] = I + β0Ωx + γ0Ωy +R, ‖R‖ = O(|d0|2) d0 → 0,
Z(0+,ω) = Z0(ω)− d0z0(ω) +R1x0(ω) +R2y0(ω) +R3z0(ω),
Rj ∈ C |Rj | ! C|d0|2 j = 1, 2, 3 C
cn[Z(0
+)− Z0 + d0] = d0cn[1− z0] +R1cn[x0] +R2cn[y0] +R3cn[z0], ∀n ∈ Z.
N
(
Z(0+)− Z0 + d0
)
! |d0|N(z0 − 1) + |R1|N(x0) + |R2|N(y0) + |R3|N(z0)
! 2|d0|N(Z0)2 + C|d0|2[2N(Z0) + 1 + 2N(Z0)2],
C = 2 + 5C









R′j ∈ C |R′j | ! C′|d0|2 j = 1, 2, 3 C′
z(0+,ω) " z0(ω)− |d0||Z0(ω)|− C′|d0|2[|x0(ω)|+ |y0(ω)|+ |z0(ω)|]
" z0(ω)− |d0|N(Z0)− C′|d0|2[N(x0) +N(y0) +N(z0)]
" z0(ω)− |d0|N(Z0)− C′|d0|2[2N(Z0) + 1 + 2N(Z0)2]
C′ = 1 + 5C′ #
δ
4Cδ < 1, C′δ < 1/2, δ ∈ (0, 1),





i(−n−k)ω z(k+,ω) = −z0(ω).
p ∈ {0, ..., 2k − 1}








! C[|d−k+1|+ ...+ |d−k+p|]N(Z0),
(H ′p) z((k + p)















N [Z(3k−)] < N [Z0]/2.
(H ′2k−1)





1− δ/2 > 1/2.
(H0) (H ′0) p ∈ {1, ..., 2k − 1}
(Hp−1) (H ′p−1) (Hp−1)
N [Z((k + p)−)] = N [Z((k + p− 1)+)] ! N [Z0] ! δ ! 1
(H ′p−1)

















































! C|d−k+p|N [Z0] + C[|d−k+1|+ ...+ |d−k+p−1|]N(Z0),
(Hp) (H ′p−1)
z((k + p)+,ω) " z((k + p)−,ω)− C′|d−k+p|N [Z((k + p)−)]
" z((k + p− 1)+,ω)− C′|d−k+p|N [Z0]
" −z0(ω)− C′[|d−k+1 + ...+ |d−k+p−1|+ |d−k+p|]N [Z0].
Z(3k+,ω) = Z(3k−,ω) z(3k+,ω) = −z(3k−,ω)
#
‖.‖Hs , ∀s < 1
N
M0 ∈ H1((ω∗,ω∗), S2)
T > 0, u, v,∈ D
‖U [T+;u, v,M0]′‖L2 < ‖M ′0‖L2 .
(Mn)n∈N ⊂
H1((ω∗,ω∗), S2) (‖M ′n‖L2)n∈N ‖M ′n‖L2 → 0
n→ +∞
e3 (M ′n)n∈N 0
















ak()) cos((2k − 1)ω) + cos((2N + 1)ω), ∀ω ∈ (0,pi/2),




ωKdω = 0, ∀K ∈ {0, ..., N − 1}.
e3
T > 0 u, v ∈ D
‖U [T+;u, v,M0]′‖L2 < ‖M ′0‖L2 .
Q ∈ R[X ]∫ pi/2
0
(zx′ − z′x)Qdω < 0.
(Q) " N τ∗ =
τ∗(Q, x%) > 0 α > 0 τ ∈ (0, τ∗) T > 0 u, v ∈ D
‖U [T+;u, v,M0]′‖2L2 ! ‖M ′0‖2L2 − ατ.
τ∗
T T " 2Nτ1/N
I+τωNΩx+o(τ) 2N ±e3
exp(piΩx) exp(piΩy)
I + τωNΩx + o(τ)
M0 (−pi,pi)
)∗ > 0 ) ∈ (0, )∗)
u(t) := piδ2N+1(t) + piδ6N+3(t),









aN+1()) = a−N−1()) = 1
N
[














(2k − 1) sin((2k − 1)ω)ωKdω, 1 ! k ! N, 0 ! K ! N − 1,
)∗ > 0 C1 ) ∈ [0, )∗] .→ (ak()))1"k"N ∈ RN




λk sin((2k − 1)ω)ωKdω = 0, ∀0 ! K ! N − 1.
f(ω) :=
∑N
k=1 λk sin((2k − 1)ω) 0 < ω1 < ... < ωL < pi/2
(0,pi/2) f
ω .→ f(ω)(ω − ω1)...(ω − ωL) (0,pi/2)∫ pi/2
0
f(ω)(ω − ω1)...(ω − ωL)dω 0= 0.
L " N
















! (N − 1)





αk(2k − 1) sin((2k − 1)ω) + (2N + 1) sin((2N + 1)ω)
)
ωKdω = 0, ∀0 ! K ! N.
M > 0∣∣∣ N∑
k=1
αk cos((2k − 1)ω) + cos((2N + 1)ω)
∣∣∣ !M, ∀ω ∈ (0,pi/2).
b = (b1, ..., bN)t ∈ RN
∣∣∣ N∑
k=1






) × BRN (0, M√N ) → RN
() , b), .→ F (), b)











(αk + bk) cos((2k − 1)ω) + cos((2N + 1)ω), ∀ω ∈ (0,pi/2).
F (0, 0) = 0 dbF (0, 0)
#

